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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

THR EFFECT OF VARIOUS SURFACE. CONDITIONS ON PRESS FITS
or éTEEL BUSHINGS AND 178-T ALUMINUM=-ALLOY FITTINGS
By Ee Ce Hartmamn and Jes Fe Reedy

SUMBARY

I Specimens of 178«T aluminum-alloy fittings with pressed-in
steel bushinge were tested for wvarious surface oonditionse The
maximum load required to ingert the bushing into the fitting
was measured when both surfaces were bare, when the 17S~T wes
anodlically ccated and the steel cadmium=plated, and when either
surface was treated and the other bare, both without lubrlecatlon
and with Gredag Noe 83 as a lubricante Coefficients of friotion
for the wvarious press fits were determined from these loads and
from the oaloulated pressures on the specimens. Use of anodlo
coating on the aluminumealloy fitting reduced the load required
for a press fit to less than one~half sand use of cadmium plating
on the steel bushing, to less than one=third the load required
when both surfaces were bares The use of the lubricant was very
benefiolal when both surfaces were bare hut had little effeot
for the other surface oondltions.

INTRODUCTION

In airoraft oonstruotion 1t is comnmon practice to use
aluninum=alloy flttings with pressed-in steoel bushings to make
\ connsotions between certain structural members and for parts of
the oontrol systeme Such fittings have been under discussion
recently becauss of the possibllity that the stresses set up by
pressing in the bushing might promote stress-gorrosion cracking
in the fittinge It has been concluded, however, that if the
interference between the bushing and fitting is properly oon-
trolled, tho stresses set up by a press fit ocan be kept within

. safe limits. (Interference is here used to mean the difference

! between the outside diamster of the bushing and the inside

; diameter of the fitbting before the press f£it is made,)




It is recognized that, in order to accompllsh the desired
control of stresses procduced by press fits, 1t is necessary to
avoid gelling between the bushing and fitting as the bushing is
beinz pressed into the fitting. If such galling ooccurs, the
effeotive intorforence hetweon the bushling and fitting is doubt-
loss increased; and as a result the stresses will be higher than
intended. Because of the importenco of avoiding gnlling, it wus
decided to compare the galling tendenoies of pross fits mmdo
with various surface oonditlons s outlined hereln.

TEST SPECILENS

The aluminum«alloy samplea for this lnvestigation were not
actual sircraft fittin~s but were simply a:\.s_ks out from 2- by
3/4=-inche17S=T rollad bare Each disk was lg inch in diameter
and 3/4 inch thicks The iisiks werc pierced at the center with
a round hole carefully hored to glve tha raguired interfcrence
for ths 7/8-inoh-dia.me{:er stecl bushings, which wore latecr
presscd into tho disks. Flgzure 1 shows the finish on the inside
surfaco of one of these disis.

Tho steel bushings were made froin 7/B-inch-diemeter drill
rode Each bushing had a nominal inside diameter of 5/8 inch
and a nominal outside diameter of 7/5 inches The length of each
bushing was 13/16 inch, with a slightly rounded loading edge to
faocilitate entrance of thc bushing Into the fittings The steol
drill rod wns selected for roundnoss and size ard, as a result,
no machining was required on the outsido surfaco.

Bight disks and cight bushings wero preparede Ono=halfl of
the bushings werc ocadmium-plated by tho Finlshes Division at the
Ncw Eonsington works. Tho outslde dicmeter of all bushings wns
determined to thc ncarest 0.0001 inch by a Zelss optimetor in
conjunoction with Hoke prroision goge blockss The holes in the
175~T disks weore bored to give an insido diameter nominally 0.,0025
inch lcss than the ocutsido diauetor of the sticl bushingse One-
half ol the 17S~T disxs weru anodically coated by thc Pinishes
Division at the Vow Kensington Works using the ochromic accid
prooess, tho ocoating being applied after the holes hud been bored
to sizes

When all the disl-s liad beon proparod, including the anodio
coating, their Inside diumeters wuroe carefully dotermined by use
of Hokc precision ganzo blocke. Table I gives the mecsuremcnts
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of the inside diemeters of thesc disks as well as tho measure=-
monts of the outside dlameters of the steel bushings and the
corresponding interferencess It will be noted that the
interferences vary from 0.0021 to 0,0028 inch.

It was recognized throughout this investigation that, sinoce
metals with different ococefficlents of expansion were being used,
the intorference would change with varistions in tcmperaturo.

It is ostimated that the total ohange in temperature of the parts
during this invostigation did not exceed 102 Fy Suoch a change in
temperature would not appreciably affect the interforonce.

The nominal intorforamcs of Q.0025 inch, which was sclectad
for this investigation, is approximatcly equal to the maximum
interferonce recommended om ¥his slze of bushing by somo alycraft
manufacturorss All the actual ivserforsnoes proved to be within
16 poroent of the intonded nominal valuce

Tha genoral proportions of tho spooimens used in this investil-
gation, ospeoially the wall thldkncsses of the stecl bushings and
178=T fittings, are believed to bo in aocordence with curront
aircraft praoctiococ.

TEST PROCEDURE

The bushings and fittings wore proparcd for press fits by
ocleaning all faying surfaces with acetonce Follovwing this troat=-
ment, somo of the surfacos were coeted with Grodag Nos 83 as a
lubrioants Tho press fits wore thon mnde with a 20,000-pound
capaocity Amslor testing maochinos Table I shows tho conditions
of the surfaces of each fitting and bushing and the loads re=
quired to insert the bushlnge In all oases the bushings wore
pushed through tho fittings so that tho loading edgo of the
bushing projected approximatoly 1/16 inoh from the side of tha
fitbing opposite to whioh 1t entereds In all casos the autos
graphiec load=deformation dlegrams Indicated that the pressure
inoreased gradually as the bushing entered the fitting and
finally reached a maximum wvanluo whon the press fit was nearly
completoe It is this maximum load which is roocordod in tablo I.

The oalculated prossuros and strossos in the spooimons
producod by tho pross fits are shown in table II. Theso pressuros
and stresscs wore ocaloculated from tho following formulas developed




by Mre He Ne Hill, bescd on a gonecral mothod of analysis prosented
by Se Timosh2nko in rofcrence 1

Radiul oresswure >etwocn bushing and disk:
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vhors
a insgide dimmotor of bushing, inchos

b cverege outsid: diamct:r of bushing and inside diamster
of ring, irches

D intorference, inches

(4] outslde dia.actcr »f ring, inchcs

p radial orossur: botwocr bushing end ring, pounds per squarc
insh

E Young?!s modulus for steol (29,000,000 15/sq in.)

Young's modulus for alumirmm alloy (10,500,000 1b/sq in.)
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o Polsson's rotio for stool (0.25)

-, Polsson's ratio for elumimim alloy (0.33)

St tangontial stress, 'pounds por squarae inch

Thax maximum éhear stross, pounds per squaro-inch

." . The. prcooding cquations arc epplicable only -within -the
clastic range and for the idesalized case in whilch a cylindriocal
stool bushing of uniform wall thickmeas is prossed into a
ocntral oircular hole in an aluminumenalloy disk of uniform depth
oqual to tho length of tho bishinge Becauso thusc oconditions
aro not exactly met in thoso spooimens, tho caloulatod valuos are
only approximatoly corraatie

Aftor tho oight pross fits had boeon oomploted, the spoclimens
wecro sawod In holf across the dlamctcr in ordor to releaso tho
bushing and oxpose the faying surfaces of tho disks and bushingse.
One=half of each disk asnd bushing, properly ldentifled, was thon
submlttod to the Motallurgical Divislon for oxaminatione

DISCUSSION OF RESILTS

Table I Indlcatos oloarly that the meximum load roquired
for a vres: fit in this investigation occurrod in tho casc of
specimen 1, in which both thoe steoel and tho alumimmealloy
surfaoces woro bare nnd no lubricant was applicds This load 1s
from 2% to 4% times as great as those requirod for the other
pross fitse It should be noted, howsvor, that spoecimen 1 had
the greatest lntorforonco hetweon bushing snd fittinge Tho
difference in interference betwoen the varlous speoimons impairs
the value of any diroot oamparison of the loads roequired for
tho press fits,

In ordor to overcome tho difficulty presentod by tho
variation iIn interference in the wvarious spcoimens in this
investigation, tho dlagram shown in figure 2 was proparede The
basls of this diagram is a curve prepared from date from a
similar invostigation which irvolvod press fits made with steel
bushings in 148-T disks by use of a ocontact of .baro steel to
eluminum olloy, lubricated with Grodap No. 83, Thoso bushings
and disks woro the ssme size as thoso used in this investigation




excopt for a slightly thioker wull on the bushlngs. Plotted
with this gonoral curve in figurc 2 ars thc results of the elght
pross-fit tcsts takon from tablo I, In order to adjust the loads
roquired for these elght wvarious press fits so that cach would
reprcsent the samoe value of interference, o ocurvo wns drawn
thirough oach data volnt and the origin, this ourve in each caseo
being of the samo genorel shape as the master curve tekon from
the othcr invostigntions Each of theas curves is shown 1In
figuro 2 from tho data point up to tho vortical line reprosenting
an intcrferonce of 0,0028 inch. The interscotion of those
various curves with this yertical lino gives the load thet would
hovo been expocted if tha intorfcronce hud becen 0,0028 inch for
cach press fite Bcoause this comnon value of intorfcronce

0.0028 inch was usod, no adjustment wns required for the load on
gpocimcn 1. The adjustod loods for an intorforonecc of 00028
inch aro shown in the last columm of tablo I aad will bo used in
all the following compariczonse

In making comparisons of the wmrious loads roquirod for the
pross fits, it is rccognlzed thnt snzll diff'ercncos in theso
loads cro probably rot signifiosile ~It oan be soen in figure 2
frou the data from tha othor Invastigation that the scatter in
duplionto tests in the range of Intorforcnscs undor considoration
may casily bo as nmoh as 400 poundse-- It will be assum:d, thoro-
foro, throughout this disocussion that differenccs loss than 400
pounds aro nrobtbly of no significanco,

It is clenr from a ocomparison of spcoimens 1 and 5 that the
usz of Grodag Noe 83 as 1 lubricant on otherwisc barc steel and
17S=T surfacos rcdvood the loud rcquirod for a press fit to about
ono=half tho lood roquirced for an unlubrieatod contaot of baro
stocl tn aluninum alloys A ocapnrison of specimons 1 'and 3
indicatos thot an anodio conting on the aluminum surfaocc de=-
ornascd the load to & 1little less than ono=half the load rcquired
for the unlubricatod contoot of barc steol to aluminum. A
comparison of spoocimons 3 with 7 and 2 vith 6 indicates that the
uso of o lubrioant In additior to an anodic coating or in
nddition to cadmium plating wns not Leneficials

It vill be noted In toblo I that tho four spcoimens in .
which thc bushing wis cadmium~-platod (snrcoimons 2, 4, 6, ond 8)
gnve lowcr loads for pross flts than oven tho lowost of the
othorse This reduction in load is attributad to the fuet,
bornc out by obsorvations durlng the prcss«fit oporation, that
at least & portion of tho ondmium plating was romoved from tho
bushing during the press fit, which roducod tho initial




intoerference between bushing and fittinge Tho actual reduction
in interference caused by the remowal of a portion of tho cadmium
plating is not kmown; but, as tho originnl thiockness of the
cadmium plating is ostimatod to be approximately 00004 inch,
tho maximum ohange in interforence wns probably less than 00008
inochs Boonuse of this probable change in interfercnce, it is
diffioult to arrivc at any definite conclusions concerning tho
offoct of tho ondmium platinge It can be stated, howovor, that
for o givon initial interforence the cadmium plating rsduces

the load required for a press fit to loss than one=third the
load roquirod for thoe unlubricatod ocontaot of bare stocl and
aluminume A comparison of the results on spocimens 2, 4, 6, and
8 indicates that tho use of ancdic ooatings and lubrication in
addition to cadmium plating doos not doorenso the pressure
roquired for pross fits beyond that for oadmium plating elonoe

Tho microscopic oxnmination made by the Motallurgloal
Division roveeled no evidonco of aoctual galling of the metal
surfacos in any of the eight spoolmons submittods A ocontlnuous
layor of soveroly worksd metal, which appeared to hove boon
dragged along by tho bushing, wus found on tho inslde of tho disk
in the caso of specoimon le This condition suggosts that, with
slightly greator interferencs, gulling probnbly would have been
oroountered and indicates that an unlubricatod ocontcot of bhare
steol and aluminum is undesirable in the press=fit operation.

The microsconlo exsminntion also indionted that the anodiocally
coated surfmces suffcrod eonslderably in tho pross-fit overatlons
but, from tho pressuros roquirod for anodically coated samples,
this trentment of tho surface scrvod a useful purpose in spite
of this faote

It was noted during the microsooplic oxaminntion thot some
of tho oadmium plating had becn doposited on the aluminum-alloy
surfacos on thce inslide of the alumimum-alloy diske This dcwosit
indicates that tho cadmium plating was probably not ontirely
scraped off tho steel bushing as it entorcd tho holc in tho disk
and that tho Intorfereoncc wns, therefore, not altorcd quite es
rmuch as the 0.0008 inch montioncd as a possibilo maximum in a
previous paragraph.

Figurc 3 shows photographs of tho inside cdgos of three of
tho disks after tho press fits were madoe Theso photographs
illustrate some of thc conditions proviously desoribode

The coefficients of frioction for the warious pross=fit
conditions wero ocalculated from informntion in bablos I and II




and oro given in table I1I. These valucs range from 0«33 for
specimon 1 to 0.09 for specimcn 2. Tho average cooffiolient of
friotion, oxcluding specimon 1 (unlubricated contact of bare
stcol and aluminum), is 0.12,

CONCLUSIONS

The fellowing conolusions soem wairranted as a rosult of tho
irvostigntion dosoeribed herein .on 3ight differont 17S-T nlumlnum-
alloy fittings with prossod=-in steel bushingss

1, An unlubricated conbtcet of bare stocl and aluminum
should bc avoided in mking nress fits of stoel bushings and
aluninur=alloy fittings boocauvse rclatively high loads are
rcquired to make such nroecs fits and zora darage is dore to the
aluminun surfcco thoan if o lubricaat is usode

2, Although no ashual salling was excountcrsd in any of
tho press f'lts in vhis invos+ig"tlon, the surfnoe laycer of the
alusirum=ulloy fitbting, in the czsn of the nreas fit made with
arn urlubriecatcd contact ol bire stiel and alum;nun, ‘wns severoly
workcd and aopearcd %o have been dregged elorg by tho bushinge

3. The uso of Gredag Yo. 83 &5 a lubricant in making a
procs I'1t was fourd to bo xory boneficial when applioa to othore
wiso burs stscl ond alumirum~alloy sur-foces. The prossurce
rcguired for such o lunricatcd procs .it, adjusted for ths
differvrco in intorioroncu, wes fourd to be only oro-ralf as
groot as the praseure requiroed for the unluuvricated contcot of
bare steel avd wlulinume

4, Tho v3ss of anedie ccating on tho aluminun=alloy surfaces,
evon when unlubricuted, dcorcascd the prissure rejuired for a
procs fit to loss tlin one~hulf the »nressurc reauired for an
unlubricated contoct oif bars steel and alumirww, The ancdic
conting itself »ms brokea up aad almost enci:oly rcacved b the
nracze=rit opucsntiron, but tho distortirn of *ho suriuece Toyars
of the aclumiuwa vs only slight co:pared with She distortion
that occurrsd an the o482 of the unulubricated ceatcot ol bare
stocl ~nd alumiruwn.

S« The usd of oadmium pluting on the ste~l bushing, cven
though unlubricated, deorcased the pressure required for a pross
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£it to less thon one=third tho pressuro roquired for unlubricotod
contact of baroc stecol and aluminume A oonsldernble portion of
tho ocdmiun plating vms removod during tho prcss flt, howover,
with tho rssult that somc of this reduotion in load mmist be
attributed to o dooreoaso in effeoctivo intorforenco.

6« Although lubrication with Gredag No. 83 provod highly
beneficinl vhon appnlled to otherwisc bore steel and aluminum
gurfacos, tho dota in thls investigation Indleato no definite
bonefits for tho oascs in which lubricatlon woe ndded in
oddltion to thc anodlo contling or cadmium platinge

7 The ocnloulotod coofflclonts of friction for the various
pross fits for thls investigatinn rongod from 033 for tho
unlubricated oontact of bare stoel and oluminum to 0,09 for the
spocimen with the unlubriocatzd codniuoeplnted bushinge The
averago oo.ffiolont of friotion for all spooimons, excluding
tho unlubricstcd contaoct of bore stcol and aluminun, vms found
to be 0s12. Buoruse thcse coefficicnts of friction aro basod
witircly on onloulatcd radicl pressures and becauso the
cnlouletions aro based on id~alizod conditions not strictly
atteined In thosc tests, thoy should bo considored os boing only

approximetcly corrocts

Alumninum Rcsoarch Laboratorics,
Alvminun Cormary of Amorion,
New Korsington, Pne

ReEFERENCE

le Tilmoshonko, Set Strength of Matorinls, Pte II.
De Van Kostrand Coe., Incs, 1930, pe 533.




TABLE I

DATA FROM PRESS FITS OF STEEL BUSHINGS IN 178-T FITTINGS

1

Mex. loed Ad:)uste;l’
required load for -
Spec-| Inside |Outside to insert |an inter-
imen | diem. of |[diem. of |[Inter- |[Condition |Conditionm|Imbricant bushing into|ference of
fittings [bushings [ference|of 175~-T |of steel fitting 0.0028 .in.
(in. (1nl.l§ (1n.) | surface | surface (11v) (1v) -
(a) (v) (o)
1 0.8728 | 0.8756 [0.0028 | Bare Bare None 7160 7160
2 8737 .8764 | .0027 | Bare Cadmium- None 1860 1950
plated
3 8733 8756 0023 |Anodically Bare None 2330 3000
coatedd
4 8743 8764 | .0021 |Anodically|Cadmium- None 1600 2300
coatedd' plated
8733 .8756 | .0023 | Bare Bare |Oredag No. 83| 2820 3600
8737 8764 | .0027 Bare Cadmium- | Gredag Ko. 83 2500 2600
plated
7 8733 <8757 | .002k4 | Anodicelly Bare | Gredag No. 83 2560 3100
coatedd
8 8742 8764 | ,0022 | Anodically| Cadmium- | Gredeg No. 83| 1790 2l50
coatedd' plated

8Determined with Hoke precision gage blocks.
bDeterm:lned with Zelss optimeter and Hoke precision gage blocks.

Csee fig. 2.

onromic acid, AN-QR-A-696.

ot




TABIE II

OOMPUTED PRESSUHES AND STHESSES IN SPECIMENS OF

1758~T FITTINGS WITH PRESSED-IN STEEL BUSHINGS

[ Values are only spproximately correct because
of limited applicability of formulas used]

Radial
pressure Max. stresses in Mex, stresses in
Spec~ between bushing fittings
imen | Inter-| fitting [ (1b/eq im.) (1b/sq in.)
ference and Circumferential| Shear|Circumferemntiall Shear
bushing compression tension
(1n.) [{1b/eq in.)
1 ] 0.0028| 10,600 43,300 21,600 19,200 19,900
2 .0027| -10,200 41,600 20,800 18,500 19,100
3 .0023| 8,700 35,500 17,800 15,800 16,300
L .0021f 7,900 32,300 16,200 14,400 14,900
5 .0023| 8,700 35,500 17,800 15,800 16,300
6 0027] 10,200 4,600 20,800 18,500 19,100
7 .002% 9,100 36,700 18,500 16,500 - 17,000
g .0022| 8,300 33,900 16,900 15,100 15,600

1T




TABLE III
CALCULATED COEFFICIENTS OF FRICTION FOR THE VARIOUS PRESS FITS

[Computed radial pressures are approximate]

Computed
radial Max.
pressure pressure
between required Computed
Specimen | Interference | fitting for press coefficient
end fit of friction
bushing (1v/eq in.)
(in.) (1b/8q in.) (=)
1 0.0028 10,600 3480 0.33
2 .0027 10,200 900 .09
3 .0023 8,700 1130 13
4 .0021 7,900 780 .10
5 .0023 8,700 1370 .16
6 .0027 10,200 1210 .12
7 0024 9,100 1240 14
8 .0022 8,300 870 «10

SThese pressures were calculated by dividing the max. load
required to insert bushing into fitting (from table I) by
2.06 sq in., which 1s the final area of contact between
the steel bushing and the aluminum-alloy fitting.




NACA Fig. 1

Figure 1.- Photograph showing finish on inside of hole bored
in a 178-T disk typical of the disks used in this
investigation. 10X
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NACA | Fig. 3

(a) Bushing, bare;

without lubrica-
tion. Note severely
worked surface layer,
which appears to have
been dragged along by
the bushing. 500X

() Bushing, bare;
lubricated with
Gredag No. 83. 100X

(¢) Bushing, cadmium-
rlated; without
lubrication. Note
cadmium picked up
from bushing. 100X

Flgure 3.~ Longitudinal section through a bare 178S-T fitting
in which steel bushing had been pressed.
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